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The  Clean  Water  Act,  2006  requires  the  source  protection  committee  (SPC) 
prepare  an  Assessment  Report  for  each  source  protection  area  they  represent,  in 
accordance  with  the  regulations,  the  Director's  technical  rules  and  the  approved 
terms  of  reference  for  that  source  protection  area. 

For  groundwater  in  a  source  protection  area  (SPA),  there  are  four  steps  to 
assigning  vulnerability  scores  to  each  of  the  groundwater-based  vulnerable 
areas.  First,  a  groundwater  vulnerability  assessment  is  completed  to  document 
the  vertical  vulnerability  (sometimes  referred  to  as  the  intrinsic  groundwater 
vulnerability)  and  map  it  across  the  entire  SPA.  Second,  the  three  types  of 
vulnerable  areas  are  delineated  using  a  variety  of  tools  outlined  in  the  rules.  The 
third  step  is  to  overlie  the  groundwater  vulnerability  mapping  and  the  vulnerable 
area  delineation  and  to  create  a  vulnerability  scoring  map.  In  some  cases  there 
is  both  a  regional  based  vulnerability  score  and  a  locally  based  vulnerability 
score.  The  fourth  step  is  to  refine  the  vulnerability  score  to  reflect  transport 
pathways,  if  any,  which  may  circumvent  the  normal  infiltration  of  water  from  the 
surface  to  an  aquifer  at  depth  in  the  ground. 

The  three  groundwater-based  vulnerable  areas  are: 

•  highly  vulnerable  aquifers  (HVAs), 

•  significant  groundwater  recharge  areas  (SGRAs),  and 

•  wellhead  protection  areas  (WHPAs). 

This  technical  bulletin  provides  clarification  to  source  protection  committees  on 
some  of  the  specific  processes  under  the  technical  rules  for  the  assessment 
report.  Requirements  for  conducting  the  various  aspects  of  assigning 
vulnerability  scores  in  the  groundwater-based  vulnerable  areas  are  set  out  in 
Parts  IV,  V  and  VII  of  the  technical  rules. 


Technical  Bulletin:  Groundwater  Vulnerability 

1.   GROUNDWATER  VULNERABILTY 

The  vertical,  or  intrinsic,  vulnerability  of  groundwater  within  a  source  protection 
area  shall  be  assessed  as  directed  in  Part  IV.  This  aspect  of  groundwater 
vulnerability  considers  the  relative  protective  capacity  of  the  overlying  materials 
above  an  aquifer  with  respect  to  a  potential  chemical  or  pathogen  threat  from  the 
surface.  The  groundwater  vulnerability  is  used,  in  combination  with  the 
delineation  of  the  vulnerable  areas,  to  assign  a  vulnerability  score  to  the  3 
groundwater  based  vulnerable  areas. 

Part  IV.  1,  Rule  37  specifies  the  methods  applied  to  determine  groundwater 
vulnerability.  These  include:  37(1)  intrinsic  susceptibility  index  (ISI);  (2)  aquifer 
vulnerability  index  (AVI);  (3)  surface  to  aquifer  advective  time  (SAAT);  or  (4) 
surface  to  well  advective  time  (SWAT).  Of  these  methods,  the  ISI  and  AVI 
evaluate  the  effectiveness  of  protective  layers  and  look  only  at  the  relative 
protection  provided  to  the  underlying  aquifer.  The  SAAT  and  SWAT  methods 
evaluate  the  additional  protection  provided  by  the  unsaturated  and  saturated 
zones  and  by  quantifying,  through  modeling,  the  time  it  takes  for  water  to  travel 
from  ground  surface  to  the  aquifer  or  to  the  well.  The  ISI  and  AVI  effectively 
represent  shallow  aquifer  systems,  but  are  more  conservative  when  evaluating 
deeper  drinking  water  sources  in  that  they  ignore  many  processes,  including 
advection,  that  impact  the  flow  of  water  to  the  source  (well  or  aquifer). 

For  these  reasons,  ISI  and  AVI  methods  are  generally  used  when  assigning 
groundwater  vulnerability  on  a  wider  (SPA)  scale.  SPCs  use  one  of  these 
methods  to  assign  a  groundwater  vulnerability  score  for  their  SPA  and  to 
delineate  HVAs.  Some  SPCs  are  using  the  SAAT  or  SWAT  methods  (or  other 
director  approved  methods)  to  assign  groundwater  vulnerability  at  a  local  scale 
(for  example  in  a  WHPA).      When  mapping  the  HVAs,  the  SPC  can  only 
generate  one  HVA  map  and  must  describe  which  groundwater  vulnerability 
methods  were  used  to  delineate  HVAs  in  different  areas.  For  example,  if  AVI 
was  used  in  one  municipality,  SAAT  in  another,  then  ISI  for  the  rest  of  the  SPA, 
then  the  map  would  show  one  set  of  HVAs  based  on  the  patchwork  of  different 
methods.  The  AR  must  also  clearly  identify  what  method  was  used  where.  As 
set  out  later  in  this  bulletin,  the  SPC  can  have  a  second  groundwater  vulnerability 
map  for  the  deeper  aquifer  if  a  deeper  groundwater  vulnerability  was  assigned  in 
the  WHPA. 

Surface  to  Aquifer  Advective  Time  (SAAT)  and  Surface  to  Well  Advective 
Time  (SWAT) 

When  using  SAAT  or  SWAT  to  assess  the  vulnerability  of  an  aquifer  to  surficial 
or  shallow  contaminants,  the  results  are  assigned  a  category  of  relative 
vulnerability  based  upon  Rule  38  (2)  which  reads: 
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38(2)   where  a  method  described  in  subrule  37  (3)  or  (4)  was  used  to  assess 
vulnerability; 

(a)  areas  of  high  vulnerability  are  those  areas  with  results  that  are  less 
than  5  years; 

(b)  areas  of  medium  vulnerability  are  those  areas  with  results  that  are 
greater  than  or  equal  to  5  years  but  less  than  or  equal  to  25  years; 

(c)  areas  of  low  vulnerability  are  those  areas  with  results  that  are  greater 
than  25  years; 

These  SAAT  and  SWAT  methods  typically  portray  the  length  of  time  that  it  takes 
a  given  particle  of  water  within  the  subsurface  to  travel  to  a  well  or  aquifer  within 
which  a  well  is  located.  Where  this  is  determined  through  reverse  particle 
tracking  in  a  computer  model  simulation,  there  may  be  particles  which  do  not 
ever  reach  the  surface.  When  assigning  the  groundwater  vulnerability  to  areas 
represented  by  such  particles  the  area  will  be  deemed  as  low  vulnerability  as  per 
rule  38(2)(c),  which  represents  advective  travel  times  of  greater  than  25  years. 

2.  VULNERABLE  AREAS  AND  VULNERABILITY  SCORING 

Highly  Vulnerable  Aquifers  and  WHPAs 

Under  Part  V.l,  Technical  Rule  43  specifies  that  the  delineation  of  highly 
vulnerable  aquifers  (HVAs)  is  based  on  the  mapping  of  area(s)  of  high 
groundwater  vulnerability  in  accordance  with  Part  IV,  including  the  underlying 
subsurface  areas. 

In  a  situation  where  the  municipal  drinking  water  supply  well  draws  from  a  deeper 
confined  or  semi-confined  aquifer  with  a  delineated  WHPA  and  there  exists  a 
shallower  aquifer  within  this  WHPA,  the  groundwater  vulnerability  may  be 
assessed  for  both  the  municipal  and  shallow  aquifers  as  per  Rule  38.1  which 
reads: 

"In  respect  of  a  wellhead  protection  area  that  has  been  delineated  for  a  drinking 
water  system  mentioned  in  clause  15  (2)  (e)  of  the  Act,  different  groundwater 
vulnerability  scores  may  be  assigned  to  the  shallow  and  deep  aquifer  if  the  well 
that  is  part  of  the  drinking  water  system  draws  water  from  the  deep  aquifer. " 

In  the  case  where  the  shallow  and  deep  aquifer  groundwater  vulnerability  has 
been  determined,  then  the  vulnerability  score  for  the  WHPA  is  assigned  based 
on  the  deep  aquifer  groundwater  vulnerability,  and  would  have  a  lower 
vulnerability  score  than  the  overlying  aquifer.  When  this  approach  is  taken,  the 
AR  must  contain  two  different  groundwater  vulnerability  maps,  one  for  the 
shallow  aquifer(s)  and  one  for  the  deeper  aquifer(s)  in  the  WHPA(s).  In  addition, 
an  HVA  map  must  be  included  and  be  based  on  the  shallower  aquifer 
groundwater  vulnerability.  Therefore,  you  would  have  the  groundwater 
vulnerability  map  for  the  full  SPA,  the  local  groundwater  vulnerability  map  for  the 
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WHPA(s),  an  HVA  map  delineated  and  scored  based  on  the  shallow  aquifer 
vulnerability,  and  WHPA  maps  with  the  scoring  based  on  the  deeper  aquifer 
groundwater  vulnerability. 

3.   DELINEATION  OF  WHPAS 

Part  V  provides  specific  details  on  the  delineation  of  vulnerable  areas,  including 
WHPAs.  Several  points  of  clarification  are  warranted  around  the  delineation  of 
WHPAs,  as  noted  in  the  following  sections. 

WHPA-B  within  WHPA-A 

Part  V.3  of  the  Technical  Rules  states  that  a  WHPA  is  created  by  combining  the 
surface  and  subsurface  areas  within  all  of: 

47.  (1)  WHPA-A  -  an  area  centred  on  the  well  with  an  outer  boundary 
identified  by  a  radius  of  100  metres 

(2)  WHPA-B  -  an  area  within  which  the  time  of  travel  to  a  well  is  less  than 
or  equal  to  two  years  but  excluding  WHPA-A 

(3)  WHPA-C  -  an  area  within  which  the  time  of  travel  to  a  well  is  less  than 
or  equal  to  five  years  but  greater  than  two  years. 

(4)  WHPA-D  -  an  area  within  which  the  time  of  travel  to  a  well  is  less  than 
or  equal  to  twenty-five  years  but  greater  than  5  years. 

In  the  case  where  WHPA-B  falls  entirely  within  WHPA-A,  wherein  the  two  year 
time  of  travel  is  less  than  or  equal  to  100  metres  from  the  well,  there  would  be  no 
WHPA-B  and  WHPA-A  would  be  adjacent  to  WHPA-C. 

WHPA-C  and  WHPA-C1 

Part  V.3  of  the  Technical  Rules  indicates  that  a  WHPA-C1,  being  within  which 
the  time  of  travel  to  the  well  is  less  than  or  equal  to  ten  years  but  greater  than  2 
years,  may  be  used  in  lieu  of  WHPA-C  when: 

48.  Despite  rule  47,  where  a  zone  representing  a  ten  year  time  of  travel  was 
delineated  for  the  well  in  a  report  prepared  prior  to  April  30,  2005  and  a  five  year 
time  of  travel  has  not  been  delineated  for  the  well  in  a  report  prepared  after  that 
date. 

For  clarification,  where  a  5  year  time  of  travel  zone  was  delineated  prior  to  April 
30,  2005,  it  shall  be  used  as  WHPA-C  and  the  Assessment  Report  should  not 
include  a  10  year  time  of  travel  WHPA-C1  for  a  well  where  a  WHPA-C  has  been 
delineated. 

WHPA-E  and  WHPA-F 

For  groundwater  well  supplies  which  are  subject  to  these  rules  and  are 
considered  groundwater  under  the  direct  influence  of  surface  water  (GUDI),  the 
Technical  Rules  require  the  delineation  of  additional  WHPAs  to  consider  the 
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vulnerability  of  well  water  supplies  with  respect  to  the  transport  of  potential 
contaminants  along  surface  water  pathways  that  influence  the  GUDI  well.  These 
areas  are  specified  in  the  rules  as: 

47(5).  area  WHPA-E,  being  the  area  delineated  in  accordance  with  the  rules  in 
Part  VI  that  apply  to  the  delineation  of  an  IPZ-2,  as  if  an  intake  for  the  system 
were  located: 

(a)  at  the  point  of  interaction  between  the  groundwater  that  is  the  source  of  raw 

water  supply  for  the  well  and  the  surface  water  body  that  is  directly 
influencing  that  groundwater;  or 

(b)  at  the  point  in  the  surface  water  body  influencing  the  raw  water  supply  for  the 

well  that  is  closest  in  proximity  to  the  well,  if  the  point  of  interaction 
described  in  (a)  is  not  known. 

47(6)  area  WHPA-F,  being  the  area  delineated  in  accordance  with  the  rules  in 
Part  VI  that  apply  to  the  delineation  of  an  IPZ-3,  as  if  an  intake  for  the  system 
were  located  in  the  surface  water  body  influencing  the  well  at  the  point  closest  in 
proximity  to  the  well. 

For  clarification,  the  Intake  Protection  Zone  (IPZ)  methodology  used  in 
delineating  WHPA-E  and  WHPA-F  shall  be  consistent  with  the  classification  of 
the  water  body  associated  with  the  GUDI  well.  For  example,  if  the  GUDI  well 
was  influenced  by  a  great  lake,  the  IPZ  delineation  would  be  consistent  with  the 
approach  in  Part  VI  that  applies  to  great  lakes  intakes. 

For  GUDI  wells,  it  is  important  to  note  that  the  Technical  Rules  provide  three 
criteria  which  must  exist  in  order  to  require  WHPA-E  and  WHPA-F  delineations, 
since  without  a  WHPA-E  you  cannot  have  a  WHPA-F  (see  rule  50(1)).  These 
criteria  are  stipulated  in  the  following  rule: 

49.       Despite  subrules  47(5)  and  47(6),  area  WHPA-E  shall  only  be  added  to  a 
wellhead  protection  area  where: 

1.  the  well  obtains  water  from  a  raw  water  supply  that  is  groundwater 
under  the  direct  influence  of  surface  water  as  determined  in  accordance 
with  subsection  2  (2)  of  O.  Reg.  170/03  (Drinking  Water  Systems)  made 
under  the  Safe  Drinking  Water  Act,  2002; 

2.  a  determination  has  not  been  made  under  subsection  2  (3)  of  O.  Reg. 
1 70/03  (Drinking  Water  Systems)  that  subsection  2  (2)  of  that  regulation 
does  not  apply;  and 

3.  the  interaction  between  surface  water  and  groundwater  has  the  effect 
of  decreasing  the  time  of  travel  of  water  to  the  well  when  compared  to  the 
time  it  would  take  water  to  travel  to  the  well  if  the  raw  water  supply  for  the 
well  was  not  under  the  direct  influence  of  surface  water. 

For  clarification,  49  (1)  and  (2)  infer  that  the  well  is  registered  under  O.  Reg. 
170/03  as  a  groundwater  source  under  the  direct  influence  of  surface  water.  In 
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addition,  49  (3)  specifies  that  the  GUDI  influence  must  result  in  a  reduced  time  of 
travel  to  the  well  via  the  surface  water  body  and  influence  on  the  groundwater 
supply  when  compared  to  the  typical  travel  pathway  of  infiltration  and  subsurface 
flow  paths.  As  an  example,  where  a  relatively  shallow  and  aerially  small  wetland 
area  exists  within  a  WHPA  that  has  resulted  in  the  well  supply  being  designated 
as  GUDI  but  where  the  water  in  the  surface  water  body  doesn't  flow  but  merely 
infiltrates  to  the  subsurface  as  any  other  surface  water  might,  there  is  no 
significant  circumvention  of  the  path  of  flow  to  the  well  via  the  surface  water  body 
and  condition  (3)  would  not  be  met  resulting  in  no  required  WHPA-E. 


